ABSTRACT
Introduction
The young open cluster Dolidze 25 (Do 25 = C0642+0.03 = OCL-537) is located near the centre of the large H ii region Sh2-284 (Galactic coordinates: l = 211 • .9, b = −01 • .3), and assumed to be its ionisation source. With distance estimates to Do 25 ranging from ∼4 to ∼6 kpc, it is believed to be one of the massive star formation regions at the largest galactocentric radii, and an excellent testbed for massive star formation in the Galactic Anticentre. Using photoelectric photometry of the brightest members, Moffat & Vogt (1975) determined that the cluster contained O-type stars and was located at a distance d = 5.25 kpc. Lennon et al. (1990) used Strömgren photometry to select spectroscopic targets and took intermediate-resolution spectra of two O-type and one B0 star in the cluster. From atmosphere model fitting, they determined surprisingly low abundances for some elements, implying an overall metallicity around one-sixth of solar (Lennon et al. 1990 ).
Later, Turbide & Moffat (1993) obtained CCD photometry of the cluster core. From a fit to a sequence of 12 likely members, they estimated an average colour excess E(B − V) = 0.83 ± ⋆ Based on observations made with the Nordic Optical Telescope, the Mercator Telescope, and the telescopes of the Isaac Newton Group. 0.08 and an age of 6 Myr. For solar metallicity, this would imply a distance of d = 5.5 ± 0.4 kpc, while for the lower metallicity expected at this Galactocentric radius, d = 5.0±0.4 kpc. Making use of more extensive photometry, Delgado et al. (2010) determined E(B − V) = 0.78 ± 0.02 and an age of 3.2 Myr. Isochrone fits, using the value of metallicity determined by Lennon et al. (1990) , place the cluster at d = 3.6 kpc, while the use of solar neighbourhood abundances would place the cluster at a distance approaching 5 kpc, and thus compatible with that of Turbide & Moffat (1993) .
Even though all photometric studies have been limited to this central concentration, Spitzer/IRAC observations (Puga et al. 2009 ) revealed the complexity of the region, showing evidence of widespread star formation over the whole extent of Sh2-284. They detected dust emission extending not only across the observed H ii region (which is almost circular with a diameter ∼ 20 ′ ), but also to larger distances (over 30 ′ ). The dust emission surrounds the ionised gas, even though it is less prominent to the south-west, a fact that Puga et al. (2009) attribute to a density gradient within the molecular cloud. In addition to this very large bubble, they found two much smaller, almost circular bubbles close to the edges of the H ii region. From an analysis of point-like sources over the whole field and cometary globules detected at the rim of the main bubble, Puga et al. (2009) conclude that star formation is currently taking place in the area, that the age spread is small, and that triggered star formation is likely taking place at the bright rim of the H ii region. Later, Cusano et al. (2011) took spectra of several low-mass pre-main-sequence (PMS) candidates in the region, confirming their nature and concluding that triggered star formation was taking place. Recently, Kalari & Vink (2015) used spectra of low-mass PMS stars to conclude that accretion rates are not significantly different from those observed in similar stars of solar metallicity.
With a physical size comparable to that of the Rosette Nebula, but at a Galactocentric distance of at least 12 kpc, Sh2-284 is an excellent laboratory to study star formation in the outer Galaxy. Our current understanding, however, still presents many gaps. If the cluster contains only two O9 V stars, as assumed by Lennon et al. (1990) , why is the H ii region so large? In contrast, the ionising cluster ot the Rosette Nebula, NGC 2244, contains seven O-type stars, including two early ones (e.g. Martins et al. 2012 ). Moreover, why should a Milky Way cluster have a metallicity comparable to that of the Small Magellanic Cloud? Even though the outer regions of the Milky Way are known to have lower metallicity than the solar neighbourhood, values typically accepted for the slope of the Galactic metallicity gradient (e.g. Rolleston et al. 2000; Esteban et al. 2013 ) support abundances ∼ 0.3 dex below solar for distances r G = 12 -13 kpc 1 . The comparative analysis of a large sample of stars with spectral types around B0 located towards the Anticentre (Rolleston et al. 2000) only found one other cluster with similarly low abundances, the cluster associated with the H ii region Sh2-289, which lies at a much higher distance Rolleston et al. 2000) .
In this paper, we address these problems with a comprehensive spectroscopic survey of early-type stars in the area of Sh2-284 and its immediate surroundings, including high-resolution spectroscopy for abundance determination. We intend to answer the following questions:
-Which is the distance to Do 25? -What is the metallicity of Do 25? Is it consistent with the slope of the Galactic metallicity gradient at this distance? -Is there active star formation today in Sh2-284? For how long has it been going on? -What is the extent of the star-forming region?
In Section 2, we present our observations, whose analysis is detailed in Section 3. We explore the vicinity of Do 25 in Sections 3.2 and 3.3. We then derive stellar parameters for the whole sample, and abundances for some stars in Section 3.4. Finally, we compare our results to those of previous photometric studies, and discuss our findings and their implications in Section 4, wrapping up with the conclusions.
Throughout the paper, proposed members of Do 25 will be identified by their number in the WEBDA database, when available, marked with a prefix "S". Other stars will be identified with their standard names in SIMBAD. Spectroscopic distances are calculated when precision optical photometry is available by using the intrinsic colour calibration of Fitzgerald (1970) and 1 Throughout the paper, we will stick to the convention and refer to the abundances as "solar" value. However, both for the analysis presented here and for the previous work of Lennon et al. (1990) or Rolleston et al. (2000) , the reference values for abundances are those obtained from B-type stars in the solar neighbourhood. This is particularly relevant because abundances for those stars with poor spectra are derived differentially with respect to stars in the solar neighbourhood with accurate values. In the case of this work, solar abundances are understood as those derived for B-type stars in Nieva & Przybilla (2012) . the absolute magnitude calibration of Turner (1980) , and from 2MASS data by using the intrinsic colours for O-type stars from Martins & Plez (2006) or B-type stars from Winkler (1997) , combined with the Turner (1980) calibration.
Observations
Targets for spectroscopy were selected by making use of available photometry in the area. The original list of possible members of Moffat & Vogt (1975) was scanned by generating colourmagnitude diagrams (CMDs) with JHK S photometry from the 2MASS catalogue (Skrutskie et al. 2006) . Stars with colours indicative of early type, and positions in the CMDs compatible with the members confirmed in the works of Turbide & Moffat (1993) and Delgado et al. (2010) were selected for an initial survey. In addition, we selected bright catalogued emission-line stars, as well as other stars with colours suggestive of early-type that could be associated with bright dust emission observed in the Spitzer images. Afterwards, inspection of spectra for three stars in the immediate vicinity of Sh2-284 that has been observed as part of the IACOBsweG survey (Simón-Díaz et al. 2015) suggested that some early-type stars in the surrounding area could be at exactly the same distance as the cluster. This led to the observation of some catalogued OB stars in the area surrounding Sh2-284 whose 2MASS magnitudes were compatible with O-type stars at the distance of the cluster.
An initial survey of the brightest catalogued cluster members was carried out with the ISIS double-beam spectrograph, mounted on the 4.2-m William Herschel Telescope (WHT) in La Palma (Spain), on the night of 2009, September 12. The blue arm of the instrument was equipped with the R300B grating and the EEV12 CCD, covering the 308 -510 nm range in the unvignetted part of the detector, with a nominal dispersion of 0.86 Å/pixel. With a 1 ′′ . 0 slit, the resolution element is four pixels, and so the resolving power in the classification region is R ∼ 1 300. The red arm was equipped with the R600R grating and the Red+ CCD, a configuration that gives a range of 120 nm, centred on 650 nm, in the unvignetted section of the CCD with a nominal dispersion of 0.5Å/pixel. The measured resolving power is R ≈ 4 500 A few more stars were observed in service mode with ISIS on the night of 2014, December 28. On this occasion, the blue arm was equipped with the R600B grating, providing a nominal dispersion of 0.45Å/pixel over the 387 -513 nm range. With a slit width of 1 ′′ . 0 slit, the measured resolving power is R ≈ 2 700. The red arm had the same configuration as in 2009, and the grating was centred to cover the 640 -760 nm range. The log of observations with the WHT is presented in Table 1 .
High-resolution spectra of stars in Dolidze 25 were taken with the high-resolution FIbre-fed Echelle Spectrograph (FIES) attached to the 2.56 m Nordic Optical Telescope (NOT; La Palma, Spain) during a run on 2011, January 11 -13. FIES is a cross-dispersed high-resolution echelle spectrograph, mounted in a heavily insulated building separated from and adjacent to the NOT dome, with a maximum resolving power R = 67 000. The entire spectral range 370 -730 nm is covered without gaps in a single, fixed setting (Telting et al. 2014) . In the present study, we used the low-resolution mode with R = 25 000. The spectra were homogeneously reduced using the FIEStool 2 software in advanced mode. A complete set of bias, flat, and arc frames, obtained each night, was used to this aim. For wavelength calibration, we used arc spectra of a ThAr lamp with a signal-to-noise ratio (S/N) typically in the ∼ 100 -150 range. The FIEStool pipeline provides wavelength calibrated, blaze corrected, order merged spectra, and can also be used to normalise and correct for heliocentric velocity the final spectra. Some stars in the neighbourhood of Dolidze 25 were observed in service mode using the same configuration between December 2014 and January 2015. Reduction was carried out in the same way. In addition, three stars that had been observed for the IACOBsweG catalogue with the HERMES spectrograph were found to lie in the immediate vicinity of Do 25, and are included in the analysis. The High Efficiency and Resolution Mercator Echelle Spectrograph (HERMES) is operated at the 1.2 m Mercator Telescope (La Palma, Spain). HERMES reaches a resolving power R = 85 000, and a spectral coverage from 377 to 900 nm, though some small gaps exist beyond 800 nm (Raskin & Van Winckel 2014) . Data were homogeneously reduced using version 4.0 of the HermesDRS 3 automated data reduction pipeline offered at the telescope. A complete set of bias, flat, and arc frames, obtained each night, was used to this aim. For wavelength calibration, we used a combination of a thorium-argon lamp equipped with a red-blocking filter to cut off otherwise saturated argon lines and a neon lamp for additional lines in the near infrared. The arc images typically have a S/R in the ∼ 80 -120 range. The HermesDRS pipeline provides wavelength calibrated, blaze corrected, order merged spectra. We then used our own programs developed in IDL to normalise and correct for heliocentric velocity the final spectra. The whole log of highresolution observations is presented in Table 2 .
Finally, one star, S22, was observed with the Intermediate Dispersion Spectrograph (IDS) mounted on the 2.5-m Isaac Newton Telescope (INT; La Palma, Spain), during a run on 2011 February 24-27. We used the instrument with the 235-mm camera, the H1800V grating and the Red+2 CCD. S22 is the star used by Lennon et al. (1990) to derive abundances for Do 25. It is too faint to be observed efficiently with FIES, but we felt that a modern spectrum was needed for better comparison of results. The setup used gives a nominal dispersion of 0.34 Å/pixel, with an unvignetted range of 750Å. For broader spectral coverage, we took spectra at two different grating angles, centred on 4 300Å 3 http://www.mercator.iac.es/instruments/hermes/hermesdrs.php and 5 000Å, respectively. To compensate for poor seeing, we used a 1 ′′ . 6 slit, resulting in a resolution element of ∼ 0.8Å, measured on arc lines (i.e. R ranging from ∼ 5 000 to ∼ 6 000 across the spectral range).
Results
In this section, we present the spectral classification of all the targets observed and abundance determinations for those observed at high resolution. For guidance, all the stars mentioned, except those discussed in Sect. 3.2.4 (which are located far away from the cluster), are identified in Fig. 3 .
Spectral classification of cluster members
Classification spectra of early-type members of Do 25 are shown in Figures 1 and 2 , while their observational parameters are listed in Table 3 . As a first unexpected result, we can see that S15 and S17, the two O-type stars at the centre of the cluster (see Fig. 3 ), are rather earlier than previously assumed (in particular, than assumed by Lennon et al. 1990 , who believed them to be O9 V). Star 17 is O7 Vz, while S15 is O7.5 V 4 . Even more surprisingly, S33 (= TYC 148-2536-1), which lies outside the area covered by photometric studies, to the east of the cluster core, is an O6 V star. Therefore the number of ionising photons available to excite Sh2-284 is much larger than previously assumed. All these stars are too hot to present metallic lines that can be used to derive abundances. They were, however, observed at higher resolution to determine their physical parameters.
Star 1, which lies to the north-east of Sh2-284, away from the cluster, and S12 (= BD +00
• 1573s), to the north-west of the cluster, are both O9.7 V, and were selected for high-resolution observations. The high-resolution spectra show that S12 is a SB2. Star 9, the brightest star in Cluster 2 of Puga et al. (2009) , is B0.5 V, but it is a fast rotator with weak and shallow lines, and was discarded as a target for abundance determinations. Star 13 is an eclipsing binary (= GU Mon) with two B1 V components. It cannot be used for abundance determinations, but it is the subject of a separate study (Lorenzo et al., in prep.) . Finally, S22 is B0 V, as assumed by Lennon et al. (1990) , but it is too faint to be observed with FIES. Therefore it was observed at moderate resolution with the INT. Star 24 (= TYC 148-2254-1) is a Herbig Be star with emission lines. It will be discussed in Sect. 3.3.
Stars around Dolidze 25
Our survey extends to stars in the region that have not been traditionally considered members of Do 25. They include a number of stars towards the north-west, where images show an extension of Hα and dust emission (see Fig. 3 ). Since stars in this area seem to have properties compatible with being at the same distance as the cluster, we also included a few objects at higher distances, to probe the extent of the star-forming region. Observational parameters for all these stars are listed in Table 4 .
IRAS 06413+0023
This is a weak IRAS source on the north-west edge of the emission shell defining Sh2-284, about 18
′ from the central concentration. Two stars directly projected on top of it were classified as early-B stars by Sebastian et al. (2012) in a spectroscopic survey of the CoRoT fields. The mid-infrared source was too weak in the CO survey of Wouterloot & Brand (1989) to measure a radial velocity, but it is clearly detected in WISE images (it can be identified as J064356.83+002039.9 or J064356.96+002051.8 in the ALLWISE catalogue, with a W4 magnitude ∼ 4 mag).
The two stars, TYC 147-2024-1 and UCAC4 452-021858, have similar spectral types, B1.5 V, and display broad lines. TYC 147-2024-1 is likely binary, as all the lines are very asymmetric, but none of the two shows evidence of emission lines. Even though both lack reliable optical photometry, their 2MASS magnitudes suggest that they are at least as distant as Do 25. Given that IRAS 06413+0023 seems connected to the dust shell defining Sh2-284, these two stars are likely part of the young population associated with the H ii region.
HD 48691 and HD 48807
These two bright stars are projected in front of Sh2-284, and have been observed as part of the IACOBsweG survey. They are included to study the run of the extinction to Do 25. HD 48691 was classified as B0.5 IV by Morgan et al. (1955) , and our spectrum confirms this classification. Its spectroscopic distance modulus (DM) is 11 mag, corresponding to 1.6 kpc. HD 48807 was classified as B7 Iab by MacConnell & Bidelman (1976) , but our spectrum rather supports a classification B8 Ib. This star was analysed by Lefever et al. (2010) with an automatic tool to determine stellar parameters of OB stars in CoRoT fields. They determine T eff = 12 500 K, log g = 2.0, in good agreement with the values for B8 Ib stars in Firnstein & Przybilla (2012) . Its spectroscopic distance modulus is 12.0 mag, corresponding to 2.5 kpc..
HD 292167
This star was classified as O9 III: (uncertain luminosity class) by Morgan et al. (1955) , but appears as A3 Ia in Sebastian et al. (2012) . Our spectrum indicates an O8.5 Ib((f)) supergiant, according to the modern classification scheme of Sota et al. (2011) . Its spectroscopic distance is identical to that of cluster members and indeed it has been considered the main ionising source of Sh2-284 in the past (e.g. Reynolds 1987) . Its radial velocity is slightly different from those of cluster members. It is derived from a single measurement, so the possibility of binary motion cannot be ruled out.
HD 292090, HD 292392, and HD 292398
These three stars are located at moderate distances from Sh2-284, outside the area shown in Fig. 3 , but their photometric colours suggested they could be OB stars at the same distance. HD 292398, however, is clearly a foreground star. Even though its inclusion in the Luminous Star Catalog (LS VI +00
• 29) together with its colours suggested a late-B supergiant, it is not very luminous. We derive a spectral type B4 IV-V. Its spectroscopic distance modulus is ≈ 10.5., i.e. d ≈ 1.3 kpc.
HD 292090 was classified as O8 by Morgan et al. (1955) , and B3 Ib by Sebastian et al. (2012) . Even though our spectrum is quite noisy, it is clearly a late-O star. In principle, we 1 All JHK S photometry is from 2MASS. Precision U BV photometry for all stars from Moffat & Vogt (1975) . except S24 and S33, where BV photometry is from UCAC4. would classify it as O8 IV, though the poor spectrum allows for a slightly earlier or later type and a III or V luminosity class. We choose class IV because the wind parameter suggests that it is not a main sequence star and, as discussed in Section 4, indirect evidence suggests that it is at a distance similar to that of Do 25. With this classification, its distance modulus is 12.9 (d = 3.8 kpc). HD 292392 was classified as O8n in the McDonald system by Popper (1944) . Two radial velocity measurements disagree by almost 20 km s −1 , but the average value does not differ much from other stars in the region (Popper 1944) . We obtain a spectral type O8.5 V. with a corresponding distance modulus 12.3 (d = 2.9 kpc).
HD 292163 and HD 292164
Though SIMBAD assigns to LS VI +00
• 13 and LS VI +00 • 14 positions that do not coincide exactly with any star, the identifications HD 292163 = LS VI +00
• 13 and HD 292164 = TYC 147-1684-1 = BD +00
• 1569 = LS VI +00 • 14 seem immediate.
In spite of the spectral type G0 assigned to both in the database, their early types are confirmed by their spectra. HD 292163 was observed twice, and the two spectra show a large change in radial velocity. The spectrum with the best S/R shows an O8 V star and a second component, corresponding to a spectral type not far from B0 V. HD 292164 is a B-type star with very narrow lines. We derive a spectral type B1.5 II-III. The two stars are very close together in the sky (separated by ∼ 1 ′ .5), have similar, very low colour excesses E(J − K S ) ≃ 0.27, and almost identical interstellar lines. However, they cannot belong to the same population, as the less massive star would be the most evolved. Both stars have spectroscopic distances compatible with Do 25, but HD 292163 could be more distant if the second component contributes significantly to the total brightness.
High-mass PMS stars
A number of emission-line stars in the area have magnitudes and colours compatible with membership in Do 25 or the surround- Classification spectra of emission-line stars in the area of Do 25. The narrow feature 4720Å is due to a defect of the CCD.
ing star-forming region. Since their spectra do not allow the derivation of stellar parameters, we discuss their main characteristics. Spectra are shown in Fig. 4 , while infrared photometry is displayed in Table 5 .
S24
Star 24 = TYC 148-2254-1 is an emission-line star located on the emission shell defining Sh2-284, about 9
′ north-east of the central condensation. It has a very early spectral type B0 Ve. All emission-lines are strong and double-peaked. In 2009, they present a much stronger blue peak, but by 2014 the symmetry had reversed: emission lines have a broad blue component and a very narrow sharp red component (spectrum displayed in Fig. 4) . Hα displays an equivalent width (EW) of −25 ± 1Å, and the He i 6678Å and 7065Å lines are also in emission. This star was studied by Semaan et al. (2013) , as part of an investigation of Be stars in CoRoT fields, but they could not derive stellar parameters because of the strong veiling.
According to Semaan et al. (2013) , the location of S24 in the (J − H) 0 /(H − K S ) 0 diagram is typical of an extreme classical Be star. It has the strongest near-infrared excess of all their sample, lying close to the Herbig Be star region. Given the mid-IR excess (W1−W3 ≈ 1 mag; see Table 5 ) and its location in an active star-forming shell, we consider it is very likely a Herbig Be star. Classical Be stars, on the other hand, are extremely rare (or even completely absent) in very young open clusters (e.g. Mathew et al. 2008 ).
SS 57
SS 57 = TYC 147-506-1 is an emission-line star located on the emission shell defining Sh2-284, about 13 ′ north-west of the central condensation. It has a spectral type B1 Ve, and a strong near-IR excess (see Fig. 8 ). Indeed, it is clearly located within a local maximum of the dust emission, as seen in WISE W4 images, and also displays a very strong mid-IR excess (W1−W3 ≈ 1.5 mag; see Table 5 ). All emission-lines are strong and single-peaked. Hα displays an EW of −53 ± 2Å, but the He i lines are all strongly in absorption. This star was studied by Semaan et al. (2013) , as part of a study of Be stars in COROT fields. They confirm the B1 V spectral type and derive parameters typical of a ∼ 11 M ⊙ star on the ZAMS.
Again in this case Semaan et al. (2013) indicate that the location of SS 57 in the ( an extreme classical Be star rather than a Herbig Be star. However, the strong mid-IR excess and its location in an active starforming shell make it a very strong candidate for a Herbig Be star in Sh2-284.
Since both S24 and SS 57 lie within Hα nebulosity, it is worthwhile checking whether nebular emission contributes significantly to their emission features. However, inspection of the raw spectra does not reveal any increase in the intensity of the sky lines in the immediate vicinity of any of the stars. Moreover, there does not seem to be Hα knots associated with them.
SS 62

SS 62 is located about 17
′ to the north-east of the shell defining Sh2-284, just on the edge of a smaller dust-emission shell that is not readily visible in Hα. This shell seems to be associated with the strong IRAS point source IRAS 06446+0029 = MSX6C G212.0641−00.7395, which has exactly the same radial velocity as the IRAS sources directly associated with Sh2-284 (Wouterloot & Brand 1989; Bronfman et al. 1996, see Table 8 ). Our spectrum is very peculiar. The Balmer lines display shelllike features, with strong blue emission peaks in both Hα and Hβ. Most He i lines are very asymmetric, perhaps also due to emission components. The apparently photospheric features and the wings of the higher Balmer lines, which do not seem affected by emission, correspond to a luminous B3 star. Judging from the width of the Balmer lines, under the assumption that the emission components only affect the line cores (as seems the case for Hγ and Hδ), the luminosity class is around II. This is a very high luminosity for a classical Be star (Negueruela 2004) . Considering the association with an IRAS source and strong mid-infrared (W1−W3 ≈ 1.1 mag; see Table 5 ), this object is very likely a Herbig Be star, even if the strength of the Hα emission is moderate (EW = −31 ± 2Å).
[KW97] 33-6
The emission-line star [KW97] 33-6 lies to the north of Do 25, a few arcmin beyond the edge of the H ii shell. The WISE images show some diffuse dust emission in the area, but no point source associated with this object. The spectrum shows a B3 III star with weak shell characteristics. Hα has a typical emission peak with a central self-absorption going below the continuum, and EW = −3.5 ± 0.5. Given the weak emission characteristics and the lack of mid-infrared excess (the object is not even detected in W4), it is likely to be a classical Be star, not associated with the cluster. However, we note that, unless its photometry is severely affected by the circumstellar disk, it suffers heavy extinction, and its distance modulus suggests that it is located beyond the cluster, at d = 5 -6 kpc.
Spectroscopic parameters and abundances
Stellar and wind parameters for the sample of O-type stars observed at high resolution were determined using the iacobgbat package (Simón-Díaz et al. 2011), based on a χ 2 -fitting algorithm applied to a large pre-computed grid of fastwind (Santolaya-Rey et al. 1997; Puls et al. 2005 ) synthetic spectra, and standard techniques for the hydrogen/helium analysis of Otype stars (see e.g. Herrero et al. 1992; Repolust et al. 2004 ). We refer the reader to Sabín-Sanjulián et al. (2014) for a detailed description of the strategy followed. In this case we used the grid of fastwind models computed for solar metallicity. The line-broadening parameters (projected rotational velocity, v sin i, and macroturbulent broadening parameter, v mac ) used as input for the iacob-gbat analysis were previously computed by applying the iacob-broad tool (Simón-Díaz & Herrero 2014) to the O iii 5591Å line. Table 6 summarises the resulting parameters, also including estimates for the associated uncertainties. In a few cases, iacob-gbat only provided upper or lower limits for some parameters. While the upper limits in the wind-strength parameter 5 found for S15, S17, and HD 292163 are simply an indication of the lack of sensitivity of the Hα and He ii 4686Å lines (main diagnostic lines in the optical spectral range of the stellar wind properties) below log Q ≃ −13.5, the lower limits in log g found for S15 and HD 292163 are very likely showing that we are dealing with composite spectra 6 . The best-fit models (containing only H and He lines) are displayed in Fig. 5, com-Fig. 5 . Observed spectra (think grey line) and best-fit model (thin red line) for a sample of O-type stars. We note that the metallic features (Si iv and C iii) have not been fitted. The spectrum of HD 292090 is of very low quality, and this is reflected in the parameters obtained in Table 6. pared to the observed spectra. In the case of HD 292167, the fit is far from perfect. As can be seen in Fig. 5 , there is a moderately strong emission component in the blue wing of He ii 4686Å, one of the main wind diagnostics, instead of the expected P-Cygni or pure emission profile. The model cannot fit simultaneously this line and Hα, and the wind parameters derived are a compromise between the two lines. This sort of discrepancy is not unusual in O-type supergiants (see e.g. the case of HD 192639 and HD 193514 in Repolust et al. 2004 ). This behaviour may be due to wind clumping or, perhaps, to some complex dynamical behaviour at the base of the wind, but its characterisation clearly lies beyond the scope of this paper.
Stellar parameters, along with the silicon and oxygen abundances, for the stars in our sample showing prominent metallic lines (S1, S12, and HD 292164) were obtained by applying the strategy described in Simón-Díaz (2010) to the corresponding high-resolution spectra. In brief, the stellar parameters were derived by comparing the observed H (Balmer) line profiles and the ratio of Si iii-iv line equivalent widths (EWs) with the output from a grid of fastwind models computed to this aim. Then, the same grid of models was used to derive the stellar abundances by means of the curve-of-growth method. As a final sanity check, we overplotted the synthetic spectra corresponding to the resulting parameters and abundances to the observed ones (see Fig. 6 ). This last step was especilly important given the lower quality (in terms of signal-to-noise ratio) of some of the spectra used here with respect to those analysed in Simón-Díaz (2010) . In all cases, we assumed a normal helium abundance (Y He = 0.10) and fixed the wind-strength parameter to log Q = −13.5. For comparative purposes, we also analysed in the same way the spectra of HD 37042 (B0.5 V), a star in the solar neighbourhood, and HD 48691 (B0.5 IV), a foreground star along the same line of sight. A summary of results is presented in Table 7 and a illustrative plot overplotting fastwind synthetic spectra with fixed parameters (per star) and varying abundances to the observed ones is presented in Fig. 7 .
The star HD 48807 is not a cluster members, and its temperature is too low for this grid of models. We calculated its parameters using the automatised χ 2 fitting of synthetic Fastwind spectra to the global spectrum between 3900 and 5100Å, as described in Castro et al. (2012) . We find T eff = 12 000 K and log g = 2.0, in excellent agreement with the parameters found by Lefever et al. (2010) . Finally, while it was not possible to perform a similar abundance analysis for S22 (B0 V) because of the poorer quality of the spectrum (in terms of resolution) and because this star has a higher projected rotational velocity, we include it in Figures 6 and 7 for comparison, since the abundances derived by Lennon et al. (1990) and Rolleston et al. (2000) are based on the analysis of this star alone. We carried out a spectral synthesis analysis by eye, using the ratio of Si iii to Si iv lines, the He i lines and the wings of Hγ to estimate approximate parameters for S22, finding values T eff ≈ 30 000 K, log g ≈ 4.1 and v sin i ≈ 110 km s −1 . The models displayed in Figures 6 and 7 correspond to these parameters. In Fig. 7 , the same three abundances are used as for the other stars.
For HD 37042 and HD 48691, we obtained silicon and oxygen abundances compatible with those obtained for other stars in the solar vicinity (Przybilla et al. 2008 (Table 7 ). The spectrum of S22 is compatible with similarly low abundances (Fig. 7) . Solar abundances are clearly too high for this object, but it is difficult to choose between models with −0.3 dex and −0.6 dex because of the lower quality of the spectrum and higher rotational velocity. We can, in any case, The typical uncertainty for ξ is 2 : km s −1 .
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Fig. 6.
Observed spectra (think grey line) and best-fit model (thin red line) for a sample of stars with strong metallic lines. The bright star HD 37042 has been included as reference. We note that the spectrum of S22 has lower resolution and a smaller wavelength coverage. conclude that its abundance is compatible with those found for S1 and S12. Though these values are low for Galactic stars, in all these cases they seem to indicate that the metallicity in the region (at least, using Si and O as proxies of the metallicity) is not as low as previously assumed (one-sixth solar Lennon et al. 1990; Rolleston et al. 2000) . Interestingly, HD 292164 that seems to be at the same distance as Do 25, has rather higher abundances, in between the reference stars and the other three targets.
As a final remark, we indicate that S12 displays clear signatures of a companion (see the Si and O lines in Fig. 7 ). The Table 7 , plus S22, the star used by previous authors to derive abundances in Do 25. The left panel shows the region of the Si iv 4116Å line; the middle panel shows the Si iii triplet, while the right panel shows two representative O ii lines. For each star, we display three models, calculated using the same stellar parameters, but with different abundances. The red model uses solar abundances (8.75 dex for O and 7.50 dex for Si); the blue model uses abundances 0.3 dex lower, while the green model uses abundances 0.6 dex below solar. presence of the companion is unlikely to have an effect on the temperature derived, as Si iv is not affected, and the Si iii lines can be fitted well. It may have an effect on the effective gravity, but this has been taken into account, and the fit to the blue wings has been always preferred. The abundances derived (under the assumption that the star is single) should be slightly revised upwards to take into account the dilution of the spectral features in the combined continuum.
Discussion
We have presented the first spectroscopic survey of Dolidze 25 and its vicinity, and carried out an abundance analysis for two O9.7 V members, and a B1.5 III giant in its vicinity. As discussed in previous works, the issues of distance, metallicity and cluster parameters are intimately linked for Do 25. In the following sections, we will address them in turn, even though our conclusions are drawn by considering all of them at the same time.
Distance to the cluster
A first approximation to the distance to the cluster can be obtained by calculating the spectroscopic distances of all the members with spectral types. Spectroscopic moduli calculated with the optical and the infrared photometry agree very well, certifying the assumption of standard reddening. The raw average is DM = 13.2. If we remove the binaries S12 and S15 (certain and likely, respectively), which should be intrinsically brighter than corresponds to single stars and hence appear less distant than obtained with this simple method, the average is DM = 13.3 with a standard deviation of only 0.2 mag, which is much lower than the expected internal scatter of the calibrations. This distance modulus corresponds to 4.6 kpc. We note two effects that can lead to a much larger uncertainty. Firstly, the calibration of Turner (1980) , as all empirical absolute magnitude calibrations, is based on stars from the solar neighbourhood that have higher metallicities than members of Do 25. This should lead to a reduction in the distance, as discussed in the Introduction. On the other hand, there is a rather high probability that many of the stars observed are really unresolved binaries and thus intrinsically brighter than we are assuming.
The effect of lower metalicity in the distances estimated can be seen in Fig. 8 , where isochrones from Ekström et al. (2012) for solar metallicity and Georgy et al. (2013) for Z = 0.002 (i.e. −0.8 dex) are shown. The low-metallicity isochrones are very slightly bluer 7 , but a star of a given mass is fainter by ≈ 0.4 mag. As these effects are intrincately linked, we will try to constrain the distance more strongly by resorting to indirect methods. Reynolds (1987) found strong Hα emission at v LSR = +44.0 km s −1 (velocity with respect to the local standard of rest) associated with Sh2-284. In an Hα survey using a FabryPerot spectrometer with an aperture of 2 ′ and a spectral resolution of 15 km s −1 Fich et al. (1990) found emisison towards Sh2-284 composed of a foreground contribution at v LSR = −20.1 ± 0.5 km s −1 , and a stronger broad component centred on +43.0 ± 0.5 km s −1 with a line width of 49 km s −1 . This is in agreement with measurements of CO that give a central velocity v LSR = +45.0 ± 0.7 km s −1 and a line width of 2.7 km s −1 (Blitz et al. 1982) . In Fig. 9 , we show the dependence of radial velocity with distance along this line of sight, according to the Galactic rotation curve derived by Reid et al. (2014) from parallax distances to sources displaying masers. According to this curve, a velocity of +43.0 km s −1 corresponds to a distance of ≈ 4.9 kpc, while +45.0 km s −1 corresponds to ≈ 5.2 kpc. Another way of estimating the distance to the cluster is by using the different kinetic components of the interstellar lines, which are sampling the distribution of material along the line of sight. In Fig. 10 we show the interstellar Na i D lines for six stars observed with FIES in and around the cluster. Other interstellar lines in their spectra have a similar structure. The left panel shows S33, the earliest (and second most reddened) cluster member, and the foreground star HD 292398. The mid- ′ south-west of the cluster. The most remarkable aspect of the line analysis is the very strong similarity in the structure of the interstellar lines for most of the stars, except that in stars with low S/N (S33 and HD 292090) the telluric lines have not been properly subtracted, and there is an artefact resembling an emission component. For reference, one of Na i D lines is shown for all the stars observed at high resolution in Fig. 12 .
All the stars with good S/N show a weak component at negative velocities, ranging from −5 to −15 km s −1 , depending on the position on the sky. These components almost certainly arise from material very close to the Sun, given their variability from source to source and that the Galactic rotation curve does not include any negative velocities in this direction. All the stars have a relatively narrow component centred between +10 and +15 km s −1 . All the stars with spectroscopic distances similar to the cluster members have a broader component at higher velocities, with a peak in the +40 to +50 km s −1 range. For all of them, this high-velocity component reaches a maximum of ≈ +62 km s −1 close to the continuum, while at half maximum intensity has a value of ≈ +53 km s −1 . All the cluster members observed, plus HD 292163, HD 292164, and HD 292167, have very similar profiles, sharing all these characteristics (see Fig. 12 ). We can readily identify this high-velocity component as arising from material associated with Sh2-284, given that it has the same peak velocity and a similar width to the Hα emission coming from the H ii region. This is borne out by the fact that HD 292090, with a distance similar to the cluster, but rather far away from it, displays weaker absorption at these velocities.
Stars with lower distances lack this high-velocity component. The nearby stars HD 48619 and HD 292398 have a single component at positive velocities (see left panel of Fig. 10 centred on +12 km s −1 , which coincides with one of the peaks in the spectra of the stars at higher distances. This velocity corresponds to a distance of ∼ 1.2 kpc in the rotation curve, in good agreement with the spectroscopic distances of HD 48619 and HD 292398. The stars HD 48807 and HD 292392, which are located at intermediate distances, show absorption components centred around +30 km s −1 . This value corresponds to ∼ 3 kpc in the rotation curve, again in very good agreement with their distances (see next section).
Therefore the radial velocities of the cluster members and the interstellar material seen in their spectra place the whole cluster + H ii region complex at ∼ 5 kpc. Naturally, deviations from circular rotation are possible. In this respect, the maser source G211.59+01.05 has a parallax distance of 4.4 kpc with rather small formal errors (Reid et al. 2014 ). This source is associated with IRAS 06501+0143, with a radial velocity v LSR = +45.5 km s −1 (Bronfman et al. 1996) . It is only about 2
• away from Sh2-284. Given this small on-the-sky separation and that it has exactly the same radial velocity, it seems sensible to assume that Sh2-284 is at the same distance.
Finally, in a companion paper (Lorenzo et al. 2015) , we study the eclipsing binary GU Mon, which is a cluster member (S13). Under the assumption of spherical stars, we derive a distance of 3.9±0.4 kpc, which should be treated as a lower limit because of the extreme compactness of the system. Given the consistency of all these estimates, we assume a distance 4.5±0.3 kpc for the cluster.
The sHRD
To check the consistency of the analysis, we used the parameters derived for all the stars to build the spectroscopic HertzsprungRussell diagram (sHRD). The sHRD is obtained from the HRD by replacing the luminosity (L) for the new variable L := T 4 eff /g, i.e. the inverse of the flux-weighted gravity introduced by Kudritzki et al. (2003) . This means that the sHRD, unlike the classical HRD, can be drawn entirely using results of the atmosphere fits, without having to assume a distance for the objects analysed (Langer & Kudritzki 2014; Castro et al. 2014) . Moreover, the sHRD is independent of the effects of extinction.
The position of the stars in the sHRD is shown in Fig. 11 We did not consider HD 292398, which is not really a highmass star, or HD 48691 because its distance is much shorter than Spectroscopic HR diagram for the stars analysed (top). Squares mark stars identified as binaries, or suspected of binarity. Stars in red are not considered cluster members. Evolutionary tracks from Ekström et al. (2012) with v rot,0 = 0 and solar metallicities are shown as references. Isochrones from the same source correspond to log t = 6.3, 6.5, and 6.6. that of the cluster. HD 48807 is not shown, as this would imply changing the scale and it is certainly not a cluster member. Its position in the sHRD diagram suggests that HD 48807 is slightly brighter than a simple adoption of the Turner (1980) calibration, though within the intrinsic dispersion expected for supergiants.
When using the classical HRD at the cluster distance, the loci of the stars with respect to the evolutionary tracks is the same, except for HD 292167. Even though its parameters are typical of stars of similar spectral type, its position in the sHRD places it close to the 60 M ⊙ track, whereas if we use the HRD (assuming the adopted distance to the cluster), it falls just above the 40 M ⊙ track, suggesting then an age slightly above 3 Myr. At this luminosity, it would need to be rather farther away than the cluster (∼ 6 kpc) to reconcile both diagrams. However, its spectroscopic distance and interstellar lines suggest that it is at the same distance as the cluster. This could be another case of the well-known discrepancy between spectroscopic and evolutionary masses (see, e.g. Herrero 2007 ), or could be due to difficulties with the spectroscopic analysis or undetected binarity. We note that the fit in Fig. 5 is slightly poorer than for the other stars (see He ii 4686Å), while its rotational velocity, v rot = 150km s −1 , is very high for a supergiant (see , for typical values).
4.3. Abundances in Dolidze 25 and the Galactic Anticentre Lennon et al. (1990) conclude that Dolidze 25 is defficient in metals by approximately a factor of six with respect to the Sun. This conclusion was reached via a differential analysis of the spectra of S15, S17, and S22 compared to 10 Lac and τ Sco, and an LTE analysis of S22. As we have shown above, the spectral types of S15 and S17 are too early for a meaningful comparison to 10 Lac. These stars lack metallic lines because they are too hot to have any, except Si iv 4089Å. However, a re-analysis of data for S22 by Rolleston et al. (1994) still leads to a mean metallicity −0.7 ± 0.1 dex below the solar value via comparison to other stars in the Anticentre region, almost all of which, however, have rather higher metallicities (not very different from those observed in the solar neighbourhood). In particular, they find the sub-abundance of Si to be extreme. Finally, a new analysis of the data by Rolleston et al. (2000) , this time using new LTE and non-LTE models, still finds abundances of O and Si between −0.4 and −0.5 dex lower than in stars of clusters at the same Galactocentric distance.
We have not derived abundances for S22 because its relatively high rotational velocity v rot makes it a less-than-ideal target for these purposes. Our spectrum, with a resolution similar to that used by Lennon et al. (1990) but much higher S/R, does not allow an accurate derivation of stellar abundances. We have instead derived parameters and abundances from two other stars of similar spectral type, located in the outskirsts of the cluster (namely, S1 and S12), and then made sure that the spectrum of S22 is compatible with the abundances derived. We find a Si abundance −0.3 dex and an O abundance −0.5 dex lower than the typical abundances in the solar neightbourhood. This means that our results support the low metal content of Dolidze 25, even though it is not as extreme as originally assumed, and more in line with the values reported by Rolleston et al. (2000) . Part of the discrepancy with respect to the values found by Lennon et al. (1990) is simply due to the fact that the currently accepted values for the solar abundances are lower than assumed at the time of their work. Therefore, even though the actual abundances measured are not much higher, the difference with respect to the solar neighbourhood is smaller.
The abundances that we have found for Do 25 are roughly compatible with what is expected from current values of the Galactic metallicity gradient. For a Galactocentric distance r G ≈ 12 kpc, the gradients found by Rolleston et al. (2000) , −0.06 dex kpc −1 for Si and −0.07 dex kpc −1 for O, imply subsolar abundances by −0.24 dex in Si and −0.27 dex in O. The abundance gradient for O based on optical studies of H ii regions has a similar slope (Rudolph et al. 2006) . Our values for Si are compatible within their errors, with the values for O still remaining too low (at almost 2σ from their expected value). The lower abundance of oxygen with respect to silicon may be real, even if they are compatible within their respective errors, since the two stars analysed give almost identical values. However, we have to emphasise that at least S12 shows the signatures of a fainter companion in its spectrum, and therefore all abundances derived must be considered lower limits, with the effect of the companion on the abundances dependent on its spectral type. Since the companion is fainter, but still detectable, it is likely to have a spectral type earlier than B2. If so, the Si iii and O ii lines should be intrinsically much stronger than in the O9.7 V primary. This results in a stronger contribution to the lines than expected from its relative flux. In spite of this, the lines of the companion are not very strong compared to those of the primary. Considering typical values for the absolute magnitude, the companion cannot contribute more than 30% of the flux, and likely will be at the ∼20% level. If so, the abundances derived may be actually increased by up to 20% (i.e. increase the oxygen abundance from −0.5 to −0.4 dex), assuming that we have been able to exclude completely the contribution of the companion to the shape of the lines (if not, the increase will be slightly smaller).
On the other hand, the abundances that we find for HD 292164, which is at least at the same distance as Do 25 and has a spectrum much more adequate for deriving accurate values, are only −0.1 dex lower than solar values, and thus compatible with them within the uncertainties. Rolleston et al. (2000) also find very mild abundance defficiencies for other clusters at similar Galactocentric radii, such as NGC 1893. In particular, we note that Sh2-285, located only ∼2 • .5 away from Do 25, has essentially the same radial velocity v CO = +45.3 ± 1.1 km s −1 , v H α = 41.2 ± 0.5 km s −1 (Blitz et al. 1982; Fich et al. 1990 ). From the analysis of two early-B stars in this cluster, Rolleston et al. (1994) concluded that metallicity was only very slightly subsolar. However, given its radial velocity and its spectroscopic distance, this cluster is almost certainly at the same distance as Do 25.
This result, however, is not completely surprising, as there seems to be a degree of spread in the metallicities found at a given Galactocentric radius. For example Lemasle et al. (2013) derive abundance gradients for a large number of elements from an analysis of Cepheid variables. In particular, for Si, they find a very good agreement with the slope determined by Rolleston et al. (2000) . However, Genovali et al. (2014) study the spread of individual values about the average gradient, finding a steady increase in the abundance dispersion when moving into the outer disk. This effect becomes more evident beyond r G ≈ 14 kpc. From correlations between spatial position and abundances, Genovali et al. (2014) conclude that real variations exist on scales that range from the size of an OB association to a stellar complex in a spiral arm. Even the more accurate data of Genovali et al. (2015) present variations of a few tenths of a dex between stars at a given Galactocentric radius. In view of this, we can conclude that the abundances determined from early-type stars at r G ≈ 12kpc are in agreement with currently accepted values of the metallicity gradient slope, with Do 25 representing an extreme of the intrinsic dispersion (in the sense of lower metal content), with Sh2-285 and HD 292164 representing the other.
Properties and extent of the star-forming region
A cursory look at Fig. 8 demonstrates the variability of reddening across the cluster. There is a significant number of members, in particular S12, S13, and S22, that display a moderate reddening, not far from E(J − K S ) = 0.36, compatible with those of field stars at similar distances, both in the cluster area (e.g. HD 292164) or at some distance (e.g. HD 292090, HD 292392). In contrast, the B8 Ib supergiant HD 48807, which is clearly foreground to the cluster, but > ∼ 3 kpc away from the Sun, suffers a reddening of only E(J − K S ) = 0.16.
On the other hand, many other cluster members display rather higher reddening, with a most typical value E(J − K S ) ≈ 0.55. Comparison of the values of E(B − V) and E(J − K S ) suggest that S9 and S33 have an infrared excess (though the optical photometry for S33 is of low quality, and it could be simply slightly more reddened than the other members). For all the other members with spectroscopy and indeed all other stars in the field without emission lines, E(B−V)/E(J−K S ) = 0.52±0.06 (one standard deviation), in perfect agreement with the standard extinction law. Naïvely, one could say that stars near the cluster core (S15, S16, S17) are more reddened than those towards the periphery, but this is not necessarily so, as S33 is in the periphery of the cluster, and S1 and S9 are located on the H ii shell. In any case, the definition of a typical (or average) reddening for the cluster does not seem to be granted, a situation not unexpected for a cluster immersed in nebulosity.
The cluster as studied by Delgado et al. (2010) lies close to the centre of the H ii region. However, some of our targets lie on the inner rim of the H ii shell, while our identification of two B1.5 V stars close to IRAS 06413+0023 clearly shows that there are early-type stars beyond this rim. How far does the starforming region extend?
As discussed above, the answer to this question involves dilucidating whether HD 292167 is a cluster member. This is the most luminous star in our sample, and almost certainly the most massive. Its radial velocity is somewhat lower than that of the cluster and H ii region. A lower radial velocity, however, suggests a lower distance, which is not supported by the spectroscopic analysis. We must thus speculate that the star either has a peculiar velocity (and so may have been ejected from the cluster) or perhaps is an undetected binary (we only have one radial velocity measurement), a condition that would also explain its luminosity (which, taken at face value, places it beyond the cluster). Circumstancial evidence very strongly points to a physical connection. The optical and WISE images (Fig. 3) clearly show the H ii and dust emission extending to the north of the main shell. The infrared source IRAS 06425+0038, corresponding to the densest part of this Northern extension, is located just 3 ′ away from HD 292167 (which thus seems to be its ionisation source) and has the same radial velocity as Sh2-284.
As a matter of fact, there are many IRAS sources in the area identified as compact H ii regions in the survey of Wouterloot & Brand (1989) that share very similar radial velocities (see Table 8 ). These sources extend over almost two degrees to the south of the Galactic Plane. One of them is IRAS 06446+0029, about 35
′ away from the cluster, which harbours the emissionline star SS 62, discussed above. Slightly more distant H ii regions, such as GB6 B0642+0111 (∼ 50 ′ north) or NGC 2282 (∼ 70 ′ NE) have distinctly lower radial velocities (Blitz et al. 1982) , and are therefore very likely closer to the Sun than Sh2-284. However, towards the east, the structure seems to extend farther away. IRAS 06454+0020 has a very similar velocity v LSR = +46.4 km s −1 (Table 8) . A few arcminutes to the east lies the open cluster Bochum 2, discovered by Moffat & Vogt (1975) , who assigned it a distance compatible with that of Do 25.
The two brightest stars are spectroscopic binaries with spectral types around O9 (Munari & Tomasella 1999) . From their orbital solutions, Munari & Tomasella (1999) derive a cluster v hel = +68 ± 3 km s −1 , equivalent to v LSR ≈ +51 km s −1 . Turbide & Moffat (1993) quote v LSR = +49 ± 7 km s −1 after Jackson et al. (1979) . Both values are compatible among themselves and not very different from the velocity for Sh2-284 8 . Therefore it seems clear that Sh2-284 is part of a rather extended region of star formation covering close to one square degree in the sky.
Conclusions
We have carried out a comprehensive spectroscopic survey of stars in and around the open cluster Dolidze 25, proposed to have a very low metallicity, and combined our results with existing photometry to derive stellar and cluster parameters. From our analysis, we find that:
1. Dolidze 25 has a low metallicity, with values −0.3 dex below solar for Si and −0.5 dex below solar for O. Even though these values are not as low as those found by Lennon et al. (1990) , Do 25 is confirmed as the star-forming site with a lowest metallicity known in the Galaxy. Unfortunately, these values cannot be considered as secure as those obtained for other regions (i.e. Simón-Díaz 2010), as the number of stars with adequate parameters in the cluster is small. S12, analysed here, shows evidence of a fainter companion, while S22, used by previous authors, is fainter (meaning that we had to settle for a lower-resolution spectrum) and presents a moderately high projected rotational velocity, contributing to make its analysis complicated. Only S1 seems to be free of complications, and it is very far away from the central region of the cluster. Even then, close inspection of its spectrum does not entirely leave out the possibility of a faint companion, although its radial velocity is consistent with the nebular values. Perhaps some of the likely members with spectral types close to B1 V (i.e. S16, S18) could also be used to derive abundances, but with B > 14 mag, these objects require much larger telescopes. 2. This low metallicity is not inconsistent with modern values for the slope of the metallicity gradient, as some dispersion at a given Galactocentric radius seems to exist. In fact, several other clusters at the same Galactocentric radius were found to have higher metallicities (Rolleston et al. 2000) . The only narrow-lined star analysed in this work, HD 292164, which is at approximately the same distance as the cluster, has a metallicity only very slightly subsolar (and barely compatible with solar metallicity within the errors). 3. The ionising photons powering the H ii region Sh2-284 are provided by the O6 V star S33 and the O7 V stars S15 and S17. None of these objects shows evidence of any evolution, implying an upper limit of ∼ 3 Myr for the cluster age, compatible with age estimates of the PMS population. Given the absence of any evolved stars, an accurate age cannot be given. The O8.5 Ib supergiant HD 292167 is located to the north of the cluster, and is likely to be physically connected, even though the spectroscopic analysis suggests a slightly higher distance. Its position in the tracks is also consistent with an age ∼ 3 Myr.
4. Several lines of evidence suggest that the cluster is located at a distance between 4 and 5 kpc. We adopt the trigonometric parallax distance to the nearby H ii region IRAS 06501+0143, and settle for a distance d = 4.5 ± 0.3 kpc. 5. There is no evidence for the evolved population suggested by Delgado et al. (2010) in the central concentration generally identified as Do 25. Stars 15 and 17, which they assume to be B1 giants, are O7 dwarfs. There are, however, many OB stars around the H ii shell suggestive of different ages. In particular, HD 292164 (which is indeed a B1.5 III giant) is necessarily rather older. 6. At least two emission-line stars located within the H ii shell are excellent candidates to very early Herbig Be stars. Both objects are associated with bright mid-IR luminosity. The presence of these very young stars confirms that star formation is still taking place close to the photo-illuminated rim, as suggested by Puga et al. (2009) from the analysis of Spitzer sources. 7. Dolidze 25 seems to be part of a rather large star-forming complex, of which Sh2-284 is the main component. As suggested by Puga et al. (2009) , other smaller H ii regions, such as IRAS 06439−0000 (Cluster 3 in Puga et al. 2009 ), IRAS 06446+0029 or IRAS 06454+0020 are part of this region. The presence of masers in this latter source (GAL 212.25−01.10) offers an excellent opportunity to measure a more accurate distance to the region.
